The new methods of molecular biology have a wide range of applications in plant population studies. Among other important achievements, the characterization of DNA polymorphisms has facilitated the detection of genetic variation within and between populations, the identification of clones, the analysis of breeding systems, and the study of ecogeographical variation (Weising et al. 1995 In this article, we use RAPD markers to estimate the amounts and structuring of genetic diversity in the remnant populations of I. chalcantha and D. spectabile in the Canarian laurel forest in an attempt to provide a background for the development of in situ and ex situ conservation programs for these endangered endemics.
Material and Methods

Field Collection
We analyzed 47 individuals of Dorycnium spectabile (13 from Teno and 34 from Giuimar) and 58 individuals of Isoplexis chalcantha (four from Los Tiles and 54 from La Virgen) that represent 67% and 28% of the total known extant specimens of these taxa, respectively ( fig. 1; table 1 the grounds of the conspicuous spatial separation among individuals in the field ( fig. 1 ): La Virgen 1 (n = 24), La Virgen 2 (n = 21), and La Virgen 3 (n = 9). Individual plants were assigned a pair of Cartesian (x, y) coordinates representing their relative positions in populational space that were used for the spatial analyses. Two or three leaves were sampled from each individual, kept in a cooler, and transported to the lab, where they were stored at -80?C until DNA extraction was realized. Although DNA extractions were originally carried out for a higher number of individuals in all the populations surveyed, the amplifications of some samples (27% to D. spectabile and 16% to I. chalcantha) did not have enough resolution to warrant a reliable interpretation of their banding patterns, and they were excluded from the final analyses.
DNA Extraction
Ca. 1 cm2 of a frozen leaf was ground in liquid nitrogen in a sterile mortar with a pestle, and the powder was transferred to a 1.5-mL tube. Total genomic DNA isolation followed that of Dellaporta et al. (table 1) gave optimally reproducible polymorphic bands and were thereby selected for further analysis. Amplification products were resolved by 1.8% agarose gel electrophoresis in TBE buffer (45 mM Tris-Borate and 1 mM EDTA) and visualized under ultraviolet (UV) light after ethidium bromide staining. Gels were photographed using a Kodak DC40 digital camera. Scoring was carried out conservatively, excluding some markers that we considered unreliable. All polymorphisms whose intensities did not allow a straightforward interpretation were rechecked by subjecting them to amplification under the same conditions.
Data Analysis
The presence or absence of each fragment that could be scored was recorded in a binary data matrix from which the percentage of polymorphic bands per population was calculated. Average intrapopulational genetic diversity was estimated using Shannon's diversity index (Lewontin 1972). This index, that we designate as H0o is suitable for RAPD data because of its insensitivity to the bias that can be introduced into the analysis by the inability to detect heterozygous individuals ( Genetic distances between all possible pairwise combinations of individuals were computed from the presence or absence of markers using Dice's coefficient for the NTSYS-PC, version 2 (Rohlf 1993). The resulting genetic similarity matrix was input in NTSYS-PC (Rohlf 1993) and used to build a UPGMA similarity tree among the 47 and 58 individuals analyzed in D. spectabile and I. chalcantha, respectively. To further substantiate the estimates of genetic similarity, the individual vectors of presence or absence of RAPD polymorphisms were subjected to principal component analysis (PCA) using the software SPSS 6.1.3 (SPSS, Chicago).
The analysis of molecular variance (AMOVA) (Excoffier et al. 1992) was implemented to estimate variance components for RAPD phenotypes and to test the significance of the partition of RAPD variation in both species at different hierarchical levels, i.e., among populations and among individuals within populations against the null hypothesis of no structure. 
Results
Dorycnium spectabile
Of the seven primers assayed, OPA 8 was monomorphic in both populations and OPA 5 only in Teno. A total of 23 and 28 bands, varying in size from 400 to 1600 bp, were detected in Teno and Giiimar, respectively (table 1). Of these, 14 were polymorphic in Teno (60.9%) and 21 in Guiimar (75%). Although five exclusive bands from 500 to 1100 bp were found in Giiimar, none of them was of any usefulness for labeling individuals from this population because they were not monomorphic.
Shannon's diversity index (Ho) was calculated for each polymorphic fragment (table 2) The UPGMA tree displayed four subclusters (labeled I to IV in fig. 4 ) that showed a considerable degree of population intermixing, with only subcluster IV (that grouped 22 individuals from Giiimar) exhibiting a homogeneous pattern. Three individuals from Giiimar (G14, G15, G40) were not associated with any group in this cluster.
The genetic differentiation between both populations detected through the AMOVA (table 3) was considerable and highly significant (P < 0.001). Roughly 26% of the total genetic diversity was attributable to population differences (FST = 0.264) and 74% to within-population variability, which is con-622 BOUZA ET AL.-GENETIC DIVERSITY OF DORYCNIUM AND ISOPLEXIS 
La Virgen 2 (III). Group IV contained exclusively individuals from La Virgen 1. Los Tiles cluster (group I) is more closely associated with some La Virgen clusters (groups II and III) than are other La Virgen plants (group IV). This is a further indication of the lack of separation of the two populations.
The proportion of diversity partitioned within and between populations was 73% and 27%, respectively, based on Shan- Because of a high degree of vulnerability of these two endemic species and the extremely low number of individuals in their extant populations, protection of their natural habitat, However, this necessary habitat preservation might still prove insufficient if these populations represent genetically isolated "habitat islands" resulting from the fragmentation of a once widespread population whose genetic relatedness was maintained through moderate levels of gene flow. Templeton et al. (1990) showed that when there is no opportunity for recolonization, then each local extinction provoked by habitat fragmentation increases the probability of total extinction. If the severe and fast fragmentation of the Canarian laurel forest has disrupted the genetic cohesion of I. chalcantha and D. spectabile, then the survival of the extant populations of these endemics might be seriously threatened.
The genetic parameters estimated in this work present two important implications for eventual genetic recovery plans. First, the considerable genetic interpopulation differentiation found in both species suggests that each population should be considered as a distinct management unit in order not to break eventual coadapted gene complexes. Because of the inconspicuous genetic differences detected between subpopulations from La Virgen (I. chalcantha), they should be considered as a single collection area. Ideally, the germplasm sampling should be complemented with population reinforcement based on introductions of individuals from the same areas. Since the genetic makeup of individuals V35, V39, V45, and V48 from subpopulation 1 from La Virgen (I. chalcantha) and of individuals G14, G15, and G40 from Giiimar are considerably different from the rest, as estimated by RAPD polymorphisms (figs. 4, 7), they must be given priority in the germplasm bank.
More intensive sampling should be undertaken in the populations that appear to be more heterogeneous genetically (La Virgen for Isoplexis and Giiimar for Dorycnium), with a view to obtaining a consistent representation of the species genetic variation. Second, the detection of significant profiles of intrapopulation spatial genetic structuring allows us to give advice on some aspects of fine-scale sampling strategies. Sokal (1979) demonstrates that the first X-axis intercept is an operational estimate of the average length of the shortest side of true patches that are irregular in shape or variable in size. According to this interpretation, seed collection within populations of D. spectabile and I. chalcantha should be carried out at intervals of at least 3.5 m in I. chalcantha from La Virgen and 8 m in D. spectabile from Teno in order to minimize the probability of sampling genetically similar individuals.
Finally, although heeding the suggestions given above is likely to increase the populations' survival chances, we must bear in mind that these indications are based solely on an assessment of genetic variation through RAPDs. One possible shortcoming is that RAPDs might not be reflecting the differentiation in the traits that are critical for the survival and reproduction of the species (Olfelt et al. 2001). It is therefore necessary to investigate other important factors in the species biology that are crucial for population long-term survival. We hope that the implementation of the basic conservation measures proposed in this article will encourage the demographic and reproductive monitoring of these populations.
